Introduction
Trauma is the sixth most common cause of death globally [WHO, 2011] . In the United States, almost 30 million patients receive medical care for trauma every year [CDC, 2011] , and trauma results in 30% of intensive care unit (ICU) admissions in the United States [Mackenzie et al., 2007] . In the Emergency Department, 91% of trauma patients are in pain [Berben et al., 2008] , and two-thirds of those patients are discharged from the Emergency Department with moderate to severe pain [Berben et al., 2008] . Regional anesthesia (RA) can reduce pain in many of these patients. In this chapter, common problems with managing trauma patients that can be addressed with RA, and data suggesting that regional anesthesia can improve outcomes will be presented, as well as the different challenges to using RA in this patient population. We will also look into new and controversial areas of inquiry in this field.
Patients with traumatic injuries who can benefit from regional anesthesia

Thoracic trauma and rib fractures
Thoracic injury accounts for 25% of deaths among trauma patients. It is second only to head injury as a cause of trauma-related deaths in the United States [Trunkey & Lewis, 1980] . Rib fractures are common, and morbidity and mortality are directly correlated with the number of rib fractures [Flagel et al., 2005] .Elderly patients have a particularly high incidence of rib fractures, with a higher rate of morbidity and mortality from these fractures than younger patients [Bulger et al., 2000; Shorr et al., 1989] . Improved analgesia, by various methods, has been shown to improve pulmonary function, including peak expiratory flow, maximum inspiratory force, tidal volume, and oxygen saturation [Luchette et al., 1994; Moon et al., 1999; Osinowo et al., 2004] . Thoracic epidural analgesia (TEA) has been shown to improve outcome after multiple rib fractures [Bulger et al., 2004; Flagel et al., 2005; Moon et al., 1999; Wisner, 1990] .As early as 1990, a retrospective regression analysis of a trauma database revealed decreased pulmonary complications and decreased mortality in elderly patients with rib fractures that were treated with TEA as compared to parenteral opiates [Wisner, 1990] .Moon et al showed improved pulmonary mechanics and decreased levels of the proinflammatory chemoattractant, interleukin 8, in a prospective, randomized trial that compared TEA with parenteral opioids in patients with thoracic trauma [Moon et al., 1999] . Another prospective study comparing TEA and parenteral opioid analgesia for patients with rib fractures showed decreased rates of nosocomial pneumonia and a shorter duration of mechanical ventilation in the TEA group [Bulger et al., 2004] .However, one frequently cited meta-analysis is noteworthy to illustrate its limitations. Carrier et al reported that there was no significant difference when using epidural analgesia over other methods in terms of mortality, ICU length of stay, and duration of mechanical ventilation [Carrier et al., 2009] . Their analysis is of limited utility, however, because they included two studies using lumbar epidural catheters and three studies using only opiate medications with the epidural infusions; these are significant departures from recommended practices. Flagel et al performed a thorough analysis of a large, sophisticated trauma database [Flagel et al., 2005] .They showed that TEA was associated with a reduction in mortality for all patients who sustained rib fractures, particularly those having more than four fractures. These findings have resulted in the recommendation that TEA be included in a widely proliferated pain management guideline for blunt thoracic trauma [Simon et al., 2005] . Despite all of the enthusiasm for epidural analgesia in patients with blunt thoracic trauma, there are considerable limitations to this approach. In the previously mentioned study by Bulger et al [Bulger et al., 2004] , 282 patients of 408 admitted to the hospital had to be excluded for a variety of reasons. Thoracic epidural analgesia is contraindicated in patients on anticoagulants or those who have developed a coagulopathy [Horlocker et al., 2010] .Brain or spinal injuries represent, at minimum, relative contraindications to the use of TEA, as most practitioners are uncomfortable placing epidurals in the face of elevated intracranial pressure. Possible spinal cord injury, even remote from the proposed insertion site, presents a dilemma, as an epidural may obscure or alter the neurologic examination. Spinal bone injuries may also make epidural placement more technically challenging. The hypotension caused by epidurals can frequently be a significant deterrent in critically ill patients who are already hemodynamically unstable from other causes. Thoracic paravertebral catheterization (TPVC) has emerged as an enticing answer to some, if not all of the above mentioned concerns. A small pilot study showed comparable outcomes between TEA and TPVC when they were used in patients with unilateral rib fractures [Mohta et al., 2009] .These findings are bolstered by similar results in the analogous case of analgesia after thoracotomy [Davies et al., 2006; Pintaric et al., 2011; Powell et al., 2011] . Davies et al presented a systematic review and meta-analysis of 10 randomized clinical trials comparing TPVC and TEA for thoracic surgery. They found no difference in pain scores, but did note a lower incidence of pulmonary complications, urinary retention, nausea and vomiting, and hypotension in the TPVC groups [Davies et al., 2006] . A large, prospective multicenter study of pneumonectomy in the United Kingdom found that TEA was associated with a higher incidence of major complications compared to TPVC [Powell et al., 2011] . A recent prospective randomized study comparing TEA and TPVC, with a primary endpoint of hemodynamic stability, found that TPVC was associated with similar analgesia levels to TEA, but with greater hemodynamic stability [Pintaric et al., 2011] . Should TPVC supplant TEA as the primary modality for providing analgesia for blunt thoracic trauma? A few caveats are in order. Epidural spread has been reported with thoracic paravertebral block [Purcell-Jones et al., 1989] . The authors have also experienced and reported the unintended placement of a catheter in the epidural space during TPVC placement [Lucas et al., 2011, Epub ahead of print] . Considerable controversy exists regarding the relative safety of paravertebral blocks vs. epidurals in the face of anticoagulation and coagulopathy, which will be discussed later in the chapter. Frequently, bilateral rib fractures or other injuries, such as an exploratory laparotomy incision, require bilateral blockade. Although studies on the use of TPVC are still quite undeveloped, findings by Richardson et al, in a literature review on bilateral paravertebral blocks, found a favorable side effect profile. The high local anesthetic load associated with bilateral TPVC is a worthwhile consideration for analgesia in thoracic trauma patients [Richardson et al., 2011] . The clinician is faced with a number of questions about how to proceed with regional analgesia techniques for blunt thoracic trauma. Does the patient need a catheter or not? The literature supports using either TEA or TPVC for more than three rib fractures, and in the elderly. The timing of catheter placement should be as early as practicable, although sometimes a short delay may be prudent to allow the anticoagulant effects to dissipate. Patients with very severe injuries may not benefit from early catheter placement, as the improvement in analgesia from RA may not likely alter the length of ventilator management. However, continuous and close monitoring in close consultation with Trauma Surgery and Critical Care Medicine can be used to determine when a patient will benefit from TPVC. Should TEA or bilateral TPVC be used? Extensive bilateral pathology is considered an indication for using thoracic epidural catheters over thoracic paravertebral catheters because of the extensive amount of local anesthetic required for multiple bilateral TPVC; however, there is scant literature to address this question. Another area of practical practice management in question is in regard to the number of catheters to place. Studies have shown loss of pinprick sensation in one to 13 dermatomes after a single-shot paravertebral block [Cheema et al., 1995; Saito et al., 2001 ]. Richardson et al measured somatosensory evoked potentials of the intercostal nerves and reliably ablated one, but only occasionally two or three nerve potentials [Richardson et al., 1998 ]. Most patients appear to reliably experience analgesia in approximately five dermatomes; therefore we recommend placing a second unilateral catheter for greater than four fractured ribs. This will provide some margin for error. As the process of adequately positioning and sedating these types of patients can be quite challenging, this seems to be a prudent approach. Figure 1 provides a simplified algorithm for managing these patients. A number of different techniques have been reported for TPVC. When advancing a predetermined, fixed distance (1.0-1.5 cm) beyond the transverse process, loss of resistance, peripheral nerve stimulation(PNS), and various ultrasound-guided techniques have been described [Ben-Ari et al., 2009; Eason & Wyatt, 1979; Luyet et al., 2009; Naja et al., 2006] . Although any of these techniques can be used in different situations, it should be noted that ultrasound guidance and peripheral nerve stimulation can be technically limited in these patients, as they often have subcutaneous emphysema and hematomas. Measuring the depth of the transverse process and the parietal pleura on CT scan provides definitive information that can be used to guide the depth of needle insertion, thereby improving the safety margin and significantly expediting catheter placement. A CT scan also helps to determine the most severely injured ribs and flail segments. 
Long bone fractures
Long bones are composed of a diaphysis, or hollow shaft, connected to the physis, or growth plate, at each end via the metaphysis. Long bones in the body include the humerus, radius, ulna, femur, tibia, fibula, and phalanges. Long bone fractures can result in significant pain, especially prior to stabilization, due to the significant number of nerve endings located in the periosteum and mineralized bone [Mach et al., 2002] . While sclerotome maps have been created to assist in the understanding of innervation to the bones, little evidence exists to confirm their accuracy. Classic studies, including those by Inman and Saunders in 1944 [Inman & Saunders, 1944] , provide some evidence for the skeletal innervation . We will review anatomical considerations of the most common fractures and suggest strategies for analgesic management ( 
Femur fractures
Femur fractures represent a majority of the patients who suffer from long bone fractures, with one-third of these eventually undergoing surgical stabilization. Regional anesthesia for lower extremity fractures, including femur and hip fractures, has been extensively studied in the literature. Meta-analyses suggest that regional anesthesia, specifically neuraxial anesthesia, decreases the incidence of DVT and pulmonary embolism as well as the incidence of postoperative confusion, in addition to reducing the risk of postoperative pneumonia in patients who require surgical stabilization. Whether regional anesthesia affects mortality in the patient with a femur fracture has yet to be determined [Luger et al., 2010; Parker et al., 2004] . Evidence does suggest that analgesia is improved, and systemic analgesics are spared, when regional anesthesia techniques, such as perineural nerve blocks, are used to help manage pain in patients with hip fractures [Parker, 2002] . Femoral nerve blocks have also been shown to optimize patient positioning for performance of a neuraxial block [Sia et al., 2004; Yun, 2009] . Analgesia for proximal femur fractures may be obtained by blocking the femoral nerve, whether via a single injection or continuous block technique. Although the femur has innervations from multiple nerves, proximally, the femur is predominantly innervated by the femoral nerve, with contributions from the sciatic nerve and an articular branch of the obturator nerve [Locher et al., 2008] .
There are a variety of methods available for performance of femoral nerve blocks. The femoral nerve can be anesthetized using stimulation, ultrasound [Beaudoin et al., 2010; Marhofer et al., 1998 ], or a fascial-pop technique [Candal-Couto et al., 2005; Dalens et al., 1989; Haddad et al., 1995] Nerve stimulation approaches to the femoral nerve block are common but may cause significant discomfort in a patient with a fracture. The use of ultrasound has been popularized in the past decade for its various benefits. The femoral nerve can be easily visualized at the inguinal crease lateral to the femoral artery, below the fascia lata and iliaca, on the anteromedial aspect of the iliopsoas muscle as it attaches to the proximal femur. The needle can be readily identified since the femoral nerve is typically superficial in nature, and local anesthetic spread is obvious on ultrasound as it encircles the nerve. In the absence of available ultrasound machines or nerve stimulators, the fascia iliaca compartment block can be easily performed using a simple blunt needle and local anesthetic. This technique has been successfully used in the emergency department setting [Foss et al., 2007; Monzon et al., 2007; Wathen et al., 2007] . The proceduralist draws a line connecting the pubic bone to the anterior superior iliac spine, and divides this line into thirds. At the marking between the distal third (near the anterior superior iliac spine) and middle third, a blunt needle is advanced one centimeter below this point until two pops are felt, the first as the needle punctures the fascia lata and the second as the needle punctures the fascia iliaca. Local anesthetic volumes similar to those used for stimulation-based approaches (20 mL) have been used successfully with the fascia iliaca block with good efficacy [Lopez et al., 2003 ]; however, weight-based dosing (0.3 mL/kg) [Monzon et al., 2007; Mouzopoulos et al., 2009 ] and higher doses may be considered to improve local anesthetic delivery [Candal-Couto et al., 2005] . As with any block performed with high volume, confirmation that no intravascular injection has occurred is necessary.
Sciatic nerve blocksbecome more important in more distal femur fractures and fractures of the leg and ankle. Various approaches to the sciatic nerve are utilized. For femur fractures, more proximal approaches, such as the classic Labat technique or the subgluteal approach [Di Benedetto et al, 2002; Franco et al., 2006] , are appropriate. For leg and ankle fractures, a more distal approach, such as a popliteal catheter, may be more suitable, as sparing of the hamstring musculature is important for ambulation. The subgluteal approach can be achieved with stimulation or ultrasound. Using the stimulation technique, the proceduralist elicits appropriate motor twitches, such as plantar/dorsiflexion and gastrocnemius twitches. When employing ultrasound [Danelli et al., 2009; Karmaker et al., 2007] , a low frequency ultrasound probe allows visualization of the proximal femur and ischial tuberosity, as well as the sciatic nerve between these two bones. Confirmation of the nerve location on ultrasound can be done by tracing the nerve distally to the popliteal crease as the nerve divides into its two terminal branches: the common perineal and posterior tibial nerve [Bruhn et al., 2008] .
Humerus and clavicle fractures
Proximal humerus fractures are the third, most common fracture in the elderly patient (4-5% of all fractures) after femur fractures and radial fractures [Court-Brown et al., 2001] . The most common mechanism of proximal humeral fractures in the elderly are falls [Chu et al., 2004] . Midhumeral fractures occur in 1-2% of patients, with the mechanism of this injury usually resulting from a direct blow to the arm or application of a bending force to the humeral shaft. This type of fracture typically occurs in the young, physically active patient [Ogawa et al., 1998 ]. Documentation of any radial nerve injury is important prior to proceeding with a regional anesthetic technique, especially with midhumeral shaft fractures in which the radial nerve may be injured from the trauma as it courses posteriorly alongside the humerus in the spiral groove [Ekholm et al., 2006] . Clavicle fractures also occur in the younger population and are usually related to direct or indirect trauma to the clavicle, commonly due to traffic accidents or a sports-related injury [Pecci et al., 2008; Postacchini et al., 2002; Robinson et al., 1998 ]. The humerus receives its innervation from the brachial plexus. Like the femur, multiple nerves are involved in providing sensation to the bone. Derivations of the C5 and C6 nerve root predominantly innervate the humerus. As the fracture becomes more distal, the innervation emanates from derivations of the C7 nerve root, and a regional anesthetic technique should be targeted accordingly. Single injections may be performed using a cervical paravertebral, interscalene, or supraclavicular block. However, fractures of the humerus are painful, even after surgical stabilization, and a continuous approach is recommended for prolonged analgesia. Both stimulation and ultrasound-guided approaches have been utilized successfully. If using stimulation, biceps and deltoids are elicited as endpoints for a proximal humerus fracture and triceps stimulation for distal humeral fractures. As with femur fractures, use of stimulation may result in severe pain, and short but intense systemic analgesia may be needed for patient comfort. Ultrasound allows visualization of the brachial plexus from the root all the way to the terminal nerve, and can assist in minimizing needle attempts. By using ultrasound, nerves can be traced to their origin where they exit the intervertebral foramen as they convene in the interscalene groove, and further down as they become situated posterolateral to the subclavian artery in the supraclavicular approach. The clavicle is innervated from nerve roots that are more cephalad in origin [Choi et al., 2005] . While distal clavicle fractures can be anesthetized with a C5/C6 block, more medial fractures, which are more common, may be anesthetized as well by depositing local anesthetic near the C4 nerve root, which can be blocked and confirmed by ultrasound. The physician should be aware that numbness across the shoulder and upper chest wall may occur from surgical fixation due to injury to the supraclavicular nerve [Wang et al., 2010] . Furthermore, the brachial plexus lies between the first rib and clavicle as it courses to the upper extremity, and may be at risk for injury due to its proximity to a clavicle fracture.
Radial/ulnar fractures
Repair of radial and ulnar fractures are typically carried out in an outpatient setting, and analgesia prior to surgery is usually provided using oral systemic analgesics. Reduction of a dislocated fracture, however, is extremely painful and may be alleviated by either potent and short-acting anesthetics or a regional anesthetic technique [McManus et al., 2008] . Pain from the surgery itself is typically not severe beyond the initial perioperative phase [Chung et al., 2010] , and single-injection brachial plexus blocks using a supraclavicular, infraclavicular [Chin et al., 2010] , or axillary approach usually results in adequate intraoperative anesthesia and postoperative analgesia. Ultrasound guidance allows for minimal needle passes, sparing of volumes of local anesthetics, and faster onset McCartney et al., 2010; Neal et al., 2010] . Because the radius and ulna are innervated by the entire brachial plexus, all branches of the brachial plexus should be considered when providing surgical anesthesia in the operating room; at the trunk level (supraclavicular), this includes the superior, middle and lower trunk, and at the cord level (infraclavicular), the lateral, posterior and medical cord should be covered. At the axillary level, all terminal nerves should be blocked, which includes the median, ulnar, radial, musculocutaneous, and medial cutaneous nerve of the forearm.
Tibia/fibula fractures
Fractures of the tibia and fibula may occur due to indirect (torsional injuries) or direct impact [Johner et al., 2000] . Open tibia and fibula fracture injuries occur due to high-velocity trauma, such as motor vehicle accidents [Ivarsson et al., 2008] , while closed injuries occur due to falls or a sports-related injury. Isolated fibula fractures without concurrent tibial fractures are rare and usually require nonoperative treatment. The tibia and fibula are predominantly innervated by the sciatic nerve. More proximally, the bones may receive innervation from the femoral nerve. For proximal tibia and fibula fractures, a combined femoral and sciatic nerve block is needed for more complete analgesia, especially if regional anesthesia is utilized for surgical repair Continuous blockade is the technique typically employed for proximal fractures, as many of these patients continue to have severe pain after surgical stabilization. Continuous blockade will also allow monitoring for severe pain out of proportion to what is deemed an appropriate analgesic regimen, as this may signify a developing compartment syndrome. It is important to be aware that patients with tibial fractures are at a particularly high risk of developing compartment syndrome [Park et al., 2009] (discussed in more detail below). Distal tibia and fibula fractures, if uncomplicated, normally do not require more than a single-injection sciatic nerve block, with or without a saphenous nerve block depending on the medial cutaneous involvement of the injury or location of the surgical incision.
Challenges and opportunities
The anesthesiologist who performs RA for trauma patients has several challenges that must be addressed, and, thus, it is imperative to have a solid understanding of the complexities of compartment syndrome and coagulation issues in the trauma patient. Included in this chapter is a discussion on a number of technical challenges that frequently arise in trauma patients will be discussed, along with various solutions to these challenges. There are presently exciting opportunities in the field of RA for the trauma patient, one of which will be elucidated: the provision of RA in the prehospital or early hospital period.
Compartment syndrome
Compartment syndrome has been defined as a condition in which increased pressure within a closed compartment is compromising the circulation and function of the tissues within that space [Matsen, 1975] .
In the setting of patients who have experienced trauma, we are primarily concerned with acute compartment syndrome (ACS The sine qua non of ACS management is early diagnosis and treatment, with extensive fasciotomy [Kashuk et al., 2009] .Classically, the diagnosis of ACS is made by recognition of the 6 P's (Table 3) [Elliott & Johnstone, 2003] .Of these, pulselessness and paralysis occur too late to effectively provide an intervention, and palpation abnormalities are difficult to discern in the traumatized patient. The other signs and symptoms all involve the need for the patient to sense the pain or parasthesia. For this reason, the use of RA in patients at risk for developing compartment syndrome is controversial Thonse et al., 2004] .
Pain out of proportion to injury Parasthesia Pain with forced dorsiflexion Palpation (tense) Paralysis Pulselessness 
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There are no randomized controlled trials comparing outcomes in patients at risk for ACS who had local anesthetic-based analgesia versus opioid-based analgesia. Clinical practice and recommendations have been founded on case reports and retrospective case series ]; Clark's recent excellent editorial pointed out the usefulness of these case reports [Clark, 2011] . However, it is imperative that we carefully review these reports and not overinterpret their significance. It would seem an archaic practice to simply allow all patients at risk for ACS to suffer. Alternatives to RA, such as patient-controlled analgesia, have also been implicated as obscuring an ACS diagnosis [Richards et al., 2004] .The literature on these topics will be briefly reviewed, and several recommendations for reasonable practices will be offered. Recommendations against RA in patients at risk for ACS are based on the premise that any degree of sensory blockade will block the ischemic pain the patient is experiencing in a compromised compartment. Little distinction is made between a limb in which a patient has analgesia but still can sense a pinprick exam, and one that is completely insensate. A recent case report by Cometa illustrated a scenario of a patient with an initially good analgesic block who experienced increasing pain as he developed ACS [Cometa et al., 2011] .Because of the prompt recognition of this increasing pain by the anesthesiologists involved, the patient underwent a timely and limb-saving fasciotomy. Although no clear-cut evidence exists to support it, most experts suspect that somewhere on a continuum of density of nerve blockade lies the "danger zone" of sensory blockade in which we are at risk of masking the symptoms of ACS. For this reason, prolonged duration of a dense blockade, such as with a long-acting, potent neuraxial block, are to be discouraged. Intraoperatively and immediately postoperatively, these patients will not be able to report the pain of ACS, so RA and general anesthesia (GA) represent a similar risk. If, however, a dense sensory block persists long after the operative period, then the choice of RA may place the patient at increased risk. For that reason, intraoperative RA -whether neuraxial, single shot peripheral nerve block, or dosing of a continuous perineural catheter -should be limited to short-acting local anesthetic regimens. A much more controversial question is whether a continuous regional anesthetic technique, aimed at providing analgesia but avoiding the "danger zone", should be offered to these patients. Epidural infusions have been implicated in delayed diagnosis of lower extremity ACS .Unfortunately, in this review of 35 cases, the infusion drugs and concentrations were not reported in the majority of the patients. Of those that were reported, some involved infusates that are much more concentrated than current practices. Eighteen of the 35 patients had symptoms of ACS while the epidural infusions were running. Interestingly, there is a paucity of reports of ACS diagnosis delay in peripheral nerve blockade (PNB), in either single-shot or continuous infusions. Upper limb nerve block has not been associated with delayed ACS diagnosis, but lower limb PNB has been reported in two cases, but the validity of that attribution is extremely doubtful .In one report, a femoral nerve block was cited for masking a lower leg ACS; as discussed previously, it is obvious that the femoral nerve supplies only cutaneous innervation of the medial lower leg via the saphenous nerve and a small portion of the proximal tibia anteriorly. It cannot block ischemic pain coming from lower leg muscles, all of which are innervated by the sciatic nerve. In the other case, an ankle block was presumed to mask an ACS in the foot, but although severe pain was reported, it was ignored.
There are no reported cases of delayed ACS diagnosis attributed to continuous perineural infusions. The absence of reports certainly does not imply that RA poses no risk to these patients, but may represent a number of factors, such as failure to report complications or avoidance of RA in these patients. Conversely, the literature certainly does not support a wholesale abandonment of RA in patients at risk. We would recommend avoiding longlasting dense blockade, using minimally effective infusions, and promptly addressing insensate limbs by withholding infusions until pinprick sensation returns. Perhaps even more importantly is a high level of vigilance as was exhibited by Cometa et al [Cometa et al., 2011] and close cooperation between the orthopedic surgeons and anesthesiologists involved. Using RA in these patients should only be considered in centers with a willingness to dedicate resources to the close monitoring of these patients and with caregivers who are acutely aware of the risks involved. Despite all the attention to the subjective symptoms of ACS, they have actually been found to be quite unreliable [Ulmer, 2002 ] . A reliable objective measure to diagnose ACS would drastically improve care. Most of the attention in the past has been centered on direct, invasive measurement of intracompartmental pressures [Al-Dadah et al., 2008; Harris, et al., 2006] .These techniques have, to date, been somewhat limited by technical problems. The most promising use of this approach would appear to be the series reported by McQueen and Court-Brown, who suggest that maintaining a differential pressure between the diastolic blood pressure and an intracompartmental pressure greater than 30 mm Hg is protective [McQueen et al., 1996] .Much more exciting is the prospect of a noninvasive modality, such as near-infrared spectroscopy or laser Doppler flowmetry capable of diagnosing ACS [Elliott & Johnstone, 2003 ]. Evidently, further research is needed in this area.
Regional anesthesia and anticoagulation
The trauma patient, depending on the injury, may be at risk for bleeding or clotting. Patients with a high volume blood loss and massive resuscitation can end up with a dilutional coagulopathy, while patients with lower extremity fractures, intracranial injuries, and immobility may be at risk for thromboembolic complications necessitating aggressive anticoagulation strategies. An increasing number of patients present with anticoagulants as part of their home medicine regimen (e.g. Plavix for patients with coronary stents). Close vigilance of the patient's coagulation status, whether hyper-or hypocoagulable, is important prior to initiation of a regional technique.
Venous thromboembolism risk in the trauma patient
Venous thromboembolism can lead to pulmonary embolism, the most common preventable cause of hospital death. In patients with major trauma who are not receiving thromboprophylaxis, rates of DVT can range anywhere between 40 and 80% [Geerts et al., 2008] , with rates of pulmonary embolism between 1 and 2% depending on severity of the injury [Schuerer et al., 2005] . Pulmonary embolism is the 3 rd leading cause of death for patients who survive beyond the first day [Geerts et al., 2008] . Independent predictors of DVT include spinal cord injury, lower extremity or pelvic fracture, surgery, increasing age, prolonged immobility, and delay in institution of thromboprophylaxis [Geerts et al., 2008] .
The American College of Chest Physicians published their updated guidelines on antithrombotic and thrombolytic therapy in 2008 [Geerts et al., 2008] . Low-dose unfractionated heparin alone appears to be insufficient as thromboprophylaxis in trauma patients. The recommendation for patients with major trauma is the use of low molecular weight heparin (LMWH) thromboprophylaxis in the absence of major contraindications. If active bleeding or high risk for clinically significant bleeding is a contraindication for LMWH, mechanical thromboprophylaxis is appropriate. In the patient with hip fracture awaiting surgery, the recommendations include routine use of thromboprophylaxis with fondaparinux, LMWH, adjusted dose of a vitamin K antagonist, or low-dose unfractionated heparin if not at high risk for bleeding. Based on evidence and expert opinion, all these recommendations were grade 1 recommendations, indicating that the benefits of thromboprophylaxis outweigh the risks, burden, and costs of implementation. The panel did recognize that, for patients undergoing neuraxial procedures and deep peripheral blocks, the physician should exercise caution when selecting anticoagulant thromboprophylaxis [Geerts et al., 2008] . The EAST Practice Parameter Workgroup for DVT Prophylaxis also published guidelines on anticoagulation focusing on the trauma patient [Simon et al., EAST Practice Management Guidelines Work Group, 2005] . This group states that, while there is inadequate class I evidence for the general use of LMWH in venous thromboembolism prophylaxis, they do recommend that LMWH be standard for thromboprophylaxis in patients with complex pelvic, lower extremity, and spinal cord injuries who are not at risk for significant bleeding. These authors acknowledge that appropriate selection of the subset of patients to administer LMWH without increasing the risk of significant bleeding may be challenging.
American Society of Regional Anesthesia and Pain Medicine (ASRA) guidelines
The American Society of Regional Anesthesia and Pain Medicine (ASRA) convened a 3 rd Consensus Conference on anticoagulation and published the guidelines in 2010 [Horlocker et al., 2010] .Recommendations were made with regard to optimal timing and placement of regional anesthetic techniques when patients have received anticoagulants. The guidelines focus on the appropriate timing of needle placement and catheter manipulation until the patient achieves a reasonable state of coagulation in order to avoid significant bleeding complications associated with needle and catheter placement (spinal hematomas, retroperitoneal hemorrhage). These recommendations were made for patients in the inpatient and outpatient setting, including patients in the intensive care unit who are to receive neuraxial, plexus, or deep peripheral blockade. Little mention is made of the trauma or ICU patient, and much of the literature presented was focused on the patient receiving a regional anesthetic technique in the perioperative setting. The authors of the ASRA guidelines did acknowledge that fewer recommendations were being presented to allow for "flexibility and individuality in patient management", but stressed proper vigilance when managing a patient with a regional anesthetic and anticoagulation [Horlocker et al., 2010] . The guidelines represent a conservative but safe way to practice regional anesthesia in the anticoagulated patient, and are based on the pharmacologic activity of anticoagulants and large case series reported over a 20-year period. Recently, Chelly et al [Chelly & Schilling, 2008 ] described a series of orthopedic patients undergoing lumbar paravertebral and perineural blocks placed prior to the administration of thromboprophylaxis. The catheters were maintained during routine use of prophylactic dosing and withdrawn regardless of timing of the anticoagulant. The authors noted no significant hematomas.In another study, Buckenmeier described no bleeding complications in a series of 187 patients receiving continuous nerve blocks and LMWH [Buckenmaier et al., 2006] . These series might suggest that, with a high amount of vigilance and a great deal of technical skill, the ASRA guidelines (Table 4 ) [Horlocker et al., 2010] Table 4 . ASRA guidelines for common anticoagulant management in the patient receiving a neuraxial, plexus or deep peripheral nerve block [Horlocker et al., 2010] .*
Risks versus benefits
In the trauma patient, the risks of bleeding must be weighed against the benefits of regional anesthesia -for instance, the risk of bleeding from TPVC or thoracic epidural catheterization in a patient on LMWH versus the benefit of improved pulmonary function due to improved analgesia with minimal sedative effects, resulting in decreased incidence of hospitalacquired pneumonia [Bulger et al., 2004; Flagel et al., 2005; Karmakor et al, 2003 ]. When comparing a central neuraxial technique to a more peripheral technique (TEA versus TPVC or lumbar plexus block versus a lumbar epidural), one must always consider the closed nature of the spinal column. With a central neuraxial technique, compression of the epidural space may lead to devastating neurologic injury, including paraplegia, compared to a more peripheral technique in which bleeding into the paravertebral space may lead to extensive blood loss or compression neuropraxia but not paraplegia. The choice of a paravertebral block may be more appropriate in a patient on thromboprophylaxis therapy. Perineural blocks are usually performed at the terminal branches of the nerve (e.g. sciatic nerve block, popliteal nerve block, femoral nerve block, saphenous nerve block, axillary nerve block), and, while bleeding may result in neuropraxia and hematoma formation, the severity of the complications is less than that involving neuraxial or deep plexus blocks. The decision to proceed should be based on a careful review of the patient's medical record. Informed consent for the patient and/or their family should include a review of the risks and benefits of the procedure, and their input into medical decision-making should be sought. While normal coagulation status would be preferable prior to the placement of a continuous catheter, this may not be possible or desirable. This decision requires astute clinical judgment on the part of the physician and a careful consideration of the risks versus benefits. Even if the physician and patient both agree to maintain continuous epidural or paravertebral block with thromboprophylactic doses of anticoagulants, waiting until after the peak effect of a potent anticoagulant is prudent in order to avoid further bleeding complications in the already injured patient. Once a neuraxial technique or deep paraneuraxial or perineural technique is performed, maintenance on a prophylactic dose of a potent anticoagulant is reasonable to allow the patient to not only have improved analgesic but effective deep vein thrombosis prophylaxis as well. However, extreme vigilance is required, particularly during the high risk period that occurs when the catheter is removed.
Technical considerations
Anatomy can be distorted due to the patient's injuries. Swelling and subcutaneous emphysema may result in a difference in the standard sensations felt as the needle is advanced. If a loss of resistance approach is utilized, this may result in an indistinct or false sensation of loss. Even the use of ultrasound may not be helpful in the patient with subcutaneous emphysema, as the image is altered by the air underneath the skin. The use of CT scans to gauge the depth of the epidural space and paravertebral space is very important in allowing the physician to have an intelligent "guesstimate" of the depth of the targeted space. In the patient with perineural catheters, spread of local anesthetic, while not resulting in hemodynamic effects, can be visualized using ultrasound guidance, as these structures are superficial and can be visualized readily with this mode. In patients with paravertebral continuous blocks, the spread of local anesthetic is difficult to assess and may be inconsistent in its distribution. Therefore, dye injection through the catheter and visualization under fluoroscopy can be used as an alternative gauge of local anesthetic spread, assuming that the patient has no contraindications to contrast dye (Figure 2) . Nursing staff spend the most amount of time with these patients, and can provide important information concerning their perception of whether the patient demonstrates signs of improved or adequate comfort.
Early management with regional anesthesia
As previously noted, trauma patients often suffer moderate to severe pain in the Emergency Department [Berben et al., 2008] . In Europe, emergency response teams are frequently physician-based. Regional anesthesia performed in the field, prior to hospital admission, has been described for patients with femoral fractures [Lopez et al., 2003; Schiferer et al., 2007] . A simple fascia iliaca block and a nerve stimulator-guided femoral nerve block have been described. Both studies showed reasonably high success rates, with Schiferer reporting a 90% success rate in the RA group [Schiferer et al., 2007] .Pain and anxiety scores were much lower in the RA group, as was heart rate. A mean treatment time of seven minutes in the RA group did delay transport time, which is of concern in this setting. While this paradigm will probably not take hold in the rest of the world, including the United States, it surely represents a call to action, to set up processes to provide earlier RA in the hospital setting.
Conclusion
Trauma patients represent a significant proportion of current surgical volume and of patients being cared for ICUs. Estimates suggest that this proportion will increase [Lopez et al., 2006] . These patients present many challenges and require extreme vigilance on the part of the health care team. An in-depth understanding of anatomy, physiology, and pharmacology is important when dealing with the trauma patient. Flexibility on the part of the physician to respond to the myriad challenges by adapting to different approaches and modalities is key. Clearly, RA can safely decrease suffering and improve outcomes in these patients when applied judiciously. 
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